Background: Eating frequency (EF) has been associated with generalized obesity. Aim: We aimed to prospectively investigate potential associations of frequency of eating episodes with regional fat layers. Design: EF was evaluated at baseline in 115 subjects free of clinically overt cardiovascular disease (54 6 9.1 years, 70 women) in a prospective, observational study. Methods: Metabolic parameters known to be associated with dietary factors and anthropometric markers including ultrasound assessment of subcutaneous (Smin) and pre-peritoneal (Pmax) fat and their ratio Smin/Pmax (AFI) were evaluated at baseline and at follow-up, 5 years later. Results: EF at baseline positively correlated with Pmax, even after adjustment for potential confounders. EF above median was also an independent predictor for Pmax (beta coefficient ¼ À0.192, P ¼ 0.037) and AFI (beta coefficient ¼ 0.199, P ¼ 0.049) at follow up. Multivariable linear mixed models analysis demonstrated that subjects with increased EF presented a lower progression rate of Pmax (beta ¼ À0.452, P ¼ 0.006) and a higher progression rate of AFI (beta ¼ 0.563, P ¼ 0.003) over time, independently of age, sex, progression of BMI, energy intake, smoking and changes in parameters of glucose metabolism. Conclusions: High EF is associated with lower progression rate of pre-peritoneal fat accumulation. Future interventional studies should further investigate the clinical utility of these findings.
Introduction
Obesity is a worldwide epidemic, which is associated with a number of adverse health consequences such as cardiovascular disease, diabetes and cancer. 1 Several studies investigating obesity and its unfavourable effects on health suggest that body fat and especially its distribution in the abdominal region are important determinants of cardiometabolic risk. 2, 3 In particular, measuring regional fat layers by accurate imaging techniques may confer incremental information on cardiometabolic risk as compared to standard anthropometric indices such as BMI and waist circumference. 3 Diet is one of the factors that contribute to positive energy balance and thus overweight and obesity. Several dietary components and behaviours have been investigated so far towards this perspective. Among others, the daily distribution of energy and macronutrients in meals has been repeatedly reported to be associated with body weight management and glucose metabolism. 4 However, although many observational studies tried to evaluate the relationship between eating frequency (EF) and body weight status and/or body weight changes, there has not been consensus so far on the optimum pattern of meals and snacks that would benefit weight control and cardiometabolic markers. 5, 6 More specifically, a number of studies reported a significant decrease in the risk of obesity with elevated EF, 7 while others concluded that obese adults who snack more often, have higher energy intake than their lean counterparts. 8 Furthermore, the majority of previous research on the impact of EF on obesity have implemented a cross sectional design 7, 8 and the end-point was limited to simple anthropometric measures of generalized and regional obesity, such as BMI and waist circumference. 6, 9 To the best of our knowledge, no information exists on associations of EF with specific regional fat layers measured by imaging techniques in adults. 10, 11 More importantly, there is no clinical information on the association of this dietary parameter with future risk of progression or development of regional adiposity. We have recently demonstrated that low EF is an independent determinant of subclinical arterial damage in healthy individuals and a predictor of an adverse cardiovascular risk profile and vascular aging over a follow-up period of 5 years. 5, 12 The aim of the present study was to investigate potential associations between EF and ultrasonographically measured regional fat layers in apparently healthy individuals under a longitudinal study design over a follow-up period of 5-years.
Materials and methods

Study population
One hundred sixty four subjects who attended a primary prevention program and underwent a charge-free nutritional assessment and vascular examination in the outpatients' clinic of Alexandra University Hospital in Greece were consecutively enrolled in the study. From this baseline study population, 115 volunteers consented to be re-evaluated 5 years later, including ultrasound re-examination. 5 Exclusion criteria and characteristics of participants of the study are previously described. 5 Briefly, all participants were apparently healthy at the baseline, while subjects with metabolic disorders (i.e. diabetes mellitus), liver or endocrine diseases, coronary artery disease, active infection, cancer, autoimmune disease, alcohol consumption (!30 g alcohol/day) or those reported being on a diet were excluded. The study protocol complied with the Declaration of Helsinki and it was approved by the Hospital's Scientific Committee. All subjects gave their informed consent before entering the study.
Anthropometric measurements and risk factor assessment
Anthropometric and clinical measurements as well as ultrasound scanning for assessing fat indices and dietary assessment were performed in all study participants. Weight and height were measured using a calibrated scale and a wallmounted stadiometer. BMI (Body Mass Index) was calculated as the ratio of weight (in kilograms) to the square of height (in meters). Waist circumference (cm) was measured at the maximal abdominal circumference between the xiphoid process and the iliac crest. Hip circumference was measured as the largest circumference between waist and thighs, both in standing position, taken at the maximum posterior extension of the buttocks. Waist to hip ratio was also calculated.
Smoking condition was considered as the daily use of <1 cigarette per day. Arterial hypertension was defined as systolic arterial pressure !140 mm Hg and/or diastolic arterial pressure !90 mm Hg (average of 2 measurements, 1 min apart) in each of 2 consecutive office visits or treatment for hypertension. Blood pressure measurements were taken using an automated oscillometric device (Omron 705 IT; Omron Healthcare Europe BV, Hoofddorp, The Netherlands). Based on self-reported data (questions on minutes of physical activity and sedentary activities per day), individuals were classified as physically inactive when they failed to report at least 150 min per week of at least moderate-intensity physical activity, following to the Centers of Disease Control-American College of Sports Medicine physical activity guidelines. 13 However, information on physical inactivity (sedentary activities) were available in a subgroup of subjects (N ¼ 70). Hyperlipidemia was defined as history of hypolipidemic treatment or total blood cholesterol level !200 mg/dl. A second definition for hyperlipidemia was also used, based on LDL levels (hypolipidemic treatment or LDL > 115 mg/dl) in order to take into consideration the main treatment target in dyslipidemia management according to latest European Society of Cardiology guidelines. 14 We also took into account the latest American Society of Cardiology guidelines, with no significant alterations in our outcome. 15 Presence of diabetes mellitus (at follow-up) was defined as taking hypoglycemic medication or having fasting glucose at least 7 mmol/l (126 mg/dl) and/or 2 h post-load glucose at least 11.1 mmol/l during screening.
Assessment of regional adiposity: ultrasound measurement of subcutaneous and pre-peritoneal fat layers B-mode ultrasonography was used to measure subcutaneous fat, pre-peritoneal fat and their ratio as previously described. 16, 17 In brief, the minimum distance between the skin and linea alba at the level below the xiphoid recess was measured and defined as subcutaneous fat (Smin). At the same level, the maximum distance between linea alba and the anterior surface of the liver was measured and was defined as preperitoneal fat (Pmax). The ratio Smin to Pmax was also calculated and was defined as the abdominal fat index (AFI). Regional fat layers measured by this ultrasonographic method were strongly correlated with the actual respective visceral and subcutaneous fat layers as well as their ratio. 18 
Dietary assessment
Assessment of dietary intake at baseline was performed using 3-day food records. All study participants were given a food record containing clear instructions on how to report the quantity of food eaten using standard household measures (cups, tablespoons, etc.) and also instructions were given in person, during their visit. Study participants were asked to record the type and amount of food and beverage consumed for 2 consecutive weekdays and 1 weekend day, as well as the time the food was consumed. Trained medical personnel reviewed the food records along with the subjects, when submitted, to resolve issues on missing foods or unrealistic quantities reported. Data from food records were analysed for their energy, macro-and selected micro-nutrient content by the Nutritionist Pro, version 2.2 software (Axxya Systems-Nutritionist Pro, Stafford, TX, USA). The Nutritionist Pro food database was expanded by adding analyses of traditional Greek foods and recipes. Additionally, food records were used in order to calculate the average number of eating episodes per day, i.e. the EF. The definition of an eating episode that was used was: 'any eating occasion when food or drink was consumed'. 19 Consumption of alcoholic drinks, soft drinks, kcal-free meals or coffees and teas eaten in the absence of food (i.e. a cup of coffee with milk and sugar, or a coke or a diet soda) was also considered as an eating episode. In cases where two eating episodes were recorded within a 15-min period or less, these episodes were counted as a single episode. Eating frequency was the mean of eating episodes of the 3 days.
Blood Assays
Plasma glucose, total cholesterol, triglycerides and HDL cholesterol blood concentrations were measured using standard analyzers. 
Statistical analysis
Normally distributed continuous variables are presented as mean values 6 standard deviation, non-normally distributed variables using the median value and the interquartile range (IQR), whereas nominal/ordinal variables in count and percentage value (%). Normal distribution of all continuous variables was tested with the non-parametric Shapiro-Wilk test or graphically inspected with percentile-percentile (P-P) plots. Correlations between variables were evaluated using Spearman's correlation coefficient. Parameters that deviated from normality assumption were log transformed in multivariable regression models. Due to the extremely skewed distribution that could not been reduced by common transformations, the EF variable was used in a dichotomous format (below or above the median). EF below the median was set as a reference category. A previous analysis from our group 5 also supports the selected point of > 5 meals/day, as a values above this threshold have been shown to have beneficial hemodynamic and anti-atherosclerotic effects. Differences between baseline and follow-up values of parameters of interest were compared as previously described. 5 Linear mixed models with unstructured variance-covariance matrix were subsequently used in order to assess the association of baseline parameters (i.e. number of meals) with repeated measurements of parameters of interest (baseline and follow up). Multivariable models for main endpoints were built under a bootstrap procedure, 20, 21 while certain variables of biological interest (i.e. BMI and/or total energy intake) were forced included in the final models. Collinearity among independent variables in regression models was estimated with varianceinflation factors (VIF). BMI and waist circumference were interchangeably used in multivariable models due to increased VIF (a cut-off value of 10 was selected as a rule of thumb). Model calibration was assessed by comparing predicted probabilities with observed probabilities. In order to assess the possibility of a U-shaped association between EF and fat distribution, we performed non-linear ANOVA with quadratic contrast by quartiles of EF and additionally investigated for U-curved correlations by using curve fit regression statistics. In terms of power considerations, we implemented simulations to test the achieved power of the linear mixed model involved in our analysis of alterations in AFI across the follow up period. Simulated data were generated and the number of replications was set at 1000. The sample size of 115 subjects provided adequate power at the 0.8 level to detect a significant association between dichotomous EF and changes in AFI. Statistical analysis was performed by STATA package, version 11.1 (StataCorp, College Station, Texas USA). We deemed statistical significance at P ¼ 0.05.
Results
Associations of EF with metabolic markers at baseline
Baseline characteristics of the study population are presented in Table 1 . EF at baseline positively correlated with total energy intake (r ¼ 0.348, P < 0.001) and marginally with AFI (r ¼ 0.187, P ¼ 0.09) whilst it was inversely associated with age (r ¼ À0.243, P ¼ 0.013), BMI (r ¼ À0.188, P ¼ 0.046), SBP (r ¼ À0.226, P ¼ 0.017), fasting glucose (r ¼ À0.218, 0.022) and Pmax (r ¼ À0.234, P ¼ 0.028). After multivariable adjustment for age, sex and BMI, it remained an independent determinant of Pmax (beta coefficient ¼ À0.209, P ¼ 0.032) and AFI (beta coefficient ¼ 0.219, P ¼ 0.048). When it was used as a dichotomous variable, the aforementioned associations were further reinforced (beta coefficient ¼ À0.231, P ¼ 0.012 for Pmax and beta coefficient ¼ 0.300, P ¼ 0.006 for AFI, respectively).
Associations of EF with changes in regional fat layers between baseline and follow-up
Significant changes between baseline and follow-up were observed in ultrasound indices of fat distribution (Table 1) . Furthermore, significant changes were observed in BMI, HDL-and LDL-cholesterol, Hb1Ac, waist and hip circumference, presence of dyslipidemia and antihypertensive and hypolipidemic therapy use (Table 1) . EF above median (>5 meals/day) was also an independent predictor for Pmax (beta coefficient ¼ À0.192, P ¼ 0.037) and AFI (beta coefficient ¼ 0.199, P ¼ 0.049) at follow-up.
Linear mixed model analysis revealed that increased EF above median at baseline was associated with changes in AFI independently of age, sex, changes in BMI and total energy intake. When BMI was replaced by waist circumference in the model, eating frequency still independently predicted changes in AFI (beta coefficient ¼ 0.396, P ¼ 0.026). Additional adjustment for smoking and long-term glycemic status (as this was assessed by Hb1Ac) did not alter these results (Table 2) . Similarly, subjects distributed in the higher median of EF presented a lower rate of Pmax progression over time, independently of age, sex, BMI alterations and energy intake, smoking and changes in glycemic control (Table 2) . When BMI was replaced by waist circumference in the analysis, EF still independently predicted changes in Pmax (beta coefficient ¼ À0.306, P ¼ 0.035). As shown in Figure 1 , subjects with EF above median retained Pmax unaltered on average, whereas the rest of the population presented increased Pmax at follow-up (P ¼ 0.049).
When physical inactivity was inserted in the multivariable models for predictors of AFI and Pmax (limiting the sample size to 70 subjects), the significance of EF was not lost (beta coefficient ¼ 0.749, P ¼ 0.002 and beta coefficient ¼ À0.469, P ¼ 0.043, respectively). In contrast, EF was not a predictor of changes in BMI, waist circumference or Smin (Table 2) .
A U-shaped association between EF and fat distribution was not observed. In specific, polynomial trend analyses indicated a non-significant quadratic association between quartiles of EF and delta Pmax (quadratic contrast ¼ 0.019, P ¼ 0.761) as well as in delta AFI (quadratic contrast ¼ À0.107, P ¼ 0.126). Similarly, quadratic terms in regression models for Pmax (b ¼ À0.001, P ¼ 0.524) and AFI (b ¼ À0.001, P ¼ 0.864) changes were not significant.
Discussion
The novel finding of the present study is that low EF during the day, i.e. having <5 eating episodes per day, is an independent Abbreviations: BMI, body mass index.
All subjects were non-diabetic.
*All numbers indicate Standardized Coefficient and P value in parenthesis for number of eating episodes. † Model 3 does not include BMI.
As reference category for the independent variable of interest (i.e. EF) is set the lower median ( 5 eating episodes/day).
Smin, subcutaneous fat; Pmax, preperitoneal fat; AFI, Smin/Pmax.
predictor of an adverse pattern of regional fat accumulation in apparently healthy individuals without diabetes re-examined 5 years after baseline evaluation. These results suggest that the observed adverse cardiometabolic profile in subjects with low EF may be at least partly associated with regional fat accumulation. Several studies have reported that the increased EF per day is associated with favourable anthropometric characteristics, including BMI and waist circumference, 22, 23 However, there is also evidence of no association or association in the opposite direction. 24, 25 A recent study among 2372 African-American and
Caucasian girls (9-19 years), indicated that a low EF was associated with greater BMI, independently of daily energy intake or physical activity. 22 As far as visceral fat accumulation is concerned, it has been suggested that increased EF is inversely related to waist circumference, BMI and body fat percentage, as measured by triceps skinfolds. 22, 26 A meta-analysis initially reported that increased EF confers beneficial effects on body fat distribution, but further sensitivity analysis indicated that positive results were mainly driven from a single study. 6 One recent cross-sectional study conducted in overweight children and adolescents, reported a positive association between meal skipping (<3 meals/day) and accumulation of visceral fat. 27 Our findings further built on these observations, showing that EF not only correlates with regional fat accumulation at a snapshot in time, but predicts adverse regional fat distribution patterns 5 years later. Due to some conflicting results in the literature, 24, 25 we investigated the possibility of a non-linear U-shaped association between EF and changes in fat distribution over time but we observed that this association was mainly linearly graded. Fat accumulation in the abdominal region is a well-accepted cardiovascular risk factor. 2, 28 Additionally, directly measured regional fat layers may provide incremental value irrespective of standard anthropometric indices, such as BMI and waist circumference. 3, 29 In the current study waist circumference was not associated with EF, while adjustment for changes in this anthropometric index did not weaken the correlation of EF with preperitoneal fat and AFI. A possible explanation for this finding could be that changes in abdominal fat distribution mediated by eating patterns may not be large enough to be detected by waist circumference measurement, but they are detected by direct measurements of abdominal fat layers. Whether these associations are clinically relevant needs further investigation. However, findings from our group showed that low EF is an independent predictor of new onset hypertension and arterial wave reflections. 5 Thus, we speculate that EF may be of clinical utility in apparently healthy non-diabetic populations, calling for intervention studies. In addition, the results of this study provide a novel pathophysiologic insight on the association of eating patterns with cardiometabolic risk, suggesting that accumulating visceral fat over time may be implicated in this setting. However, the underlying pathophysiological mechanisms mediating this association are not fully elucidated. Increased EF is linked to lower fasting insulin rates and insulin resistance. 30 Abdominal adiposity and insulin resistance are strongly inter-related. 31 This is possibly linked to the anabolic properties of insulin, on the one hand, and the visceral fat-mediated hindering of hepatic clearance of insulin on the other hand. 32 Thus, future research should focus on the impact of meal patterns on regional markers of adiposity and insulin resistance. In a study by Leidy et al., 33 low EF during the day correlated with 4% and 20% increases in plasma glucose and insulin, respectively. Although our analysis indicated that glucose at baseline correlated with EF, HOMA-IR did not correlate with EF, which suggests different mediating mechanisms that need to be further delineated.
In contrast to associations with regional adiposity, we did not find an independent correlation of EF with BMI as a marker of generalized obesity. Some but not all previous studies have reported prospective associations of low EF with progression in BMI and development of obesity. 9, 22, 34, 35 These differences may be attributed to heterogeneity among recruited populations such as adults or adolescents and to definitions and residual systematic and random errors in measurement of EF. 9 The study has several strengths and limitations. The longterm follow-up of this population with documentation of most of the cardiometabolic factors remains an important study strength. Similarly, focusing on individuals without established diabetes, cardiovascular or other disease offers the advantage of minimizing the potential effect of disease and/or treatment on dietary intake. On the other hand, EF and dietary intake overall were assessed only at baseline. Thus, changes in meal patterns and other dietary factors could not be evaluated. Furthermore, and bearing in mind the long follow-up study period, other confounding factors may also have escaped our attention and thereby have not been included in the present analyses. Finally, this is a prospective, observational study, which only enables hypothesis generation regarding prediction of regional body fat accumulation by EF and cannot provide mechanistic insight.
In conclusion, in apparently healthy individuals without diabetes, low EF was an independent predictor of a metabolically adverse regional adiposity patterns over a period of 5 years follow-up irrespectively of standard anthropometric markers such as waist and BMI. Taking into account that visceral fat is associated with increased cardiovascular risk, constituting a potent mediator of unfavourable metabolic profiles, assessment of eating behaviour that may modulate fat distribution provide significant clinical tool with potential therapeutic implications. Whether meal patterns may serve as a behavioural prevention strategy to alter or prevent adverse regional adiposity patterns should be evaluated in future interventional trials.
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